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“ Corrosion of Marine Boilers.” 
By JOHN DEWRANCY, M. Inst. C.E. 

THE introduction of water-tube boilers and  the use of oontinually 
higher  working pressures have  rendered  the subject of this  Paper 
of increasing importance. Corrosion in marine boilers is prin- 
cipally  due to the chemical union of the  iron of the  plates  and 
tubes  with  oxygen dissolved or mixed with  the feed-water, the 
product  being an oxide of iron. 

It is stated in  standard chemical  dictionaries and text-books, 
that  there  are  three oxides of iron :- 

The ferrous  oxide  or monoxide . . . . . . .  F e 0  
The ferric  oxide  or  sesquioxide . . . . . . .  Fe,O, 
The magnetic  oxide . . . . . . . . . .  Fe,O, 

The first two of these  are undoubtedly the  minimum and 
maximum proportions in  which  iron  and  oxygen combine, but 
between  these limits  iron  will combine with oxygen in any 
proportion. The  following  Table  gives a sufficient number of 
analyses of oxides of iron to establish  this :- 

Oxides of Irou. I Iron. I Oxygen. 

Ferrousoxide or monoxide of iron Fe0 . . . . .  
Oxide from superheater,  two  specimens. . . . . .  
Oxide from superheater  roasted in air for one hour . . 
Oxide  further roasted in oxygen for one hour . . . .  
Oxide  further roasted in oxygen for two hours, hotter . 
Furnace  scale . . . . . . . . . . . . .  
Theoretical  magnetic  oxide Fe,O, . . . . . . .  
Ferric  oxide or sesquioxide Fe,O, also called  peroxide 

and commonly known  as  rust . . . . . . . .  

77.77  23.23 
76’28 j 23‘72 
73.10  26.90 
72.30 

27.59  72.41 
25.34  74.66 
29.22  70.78 
27.70 

70.00 1 30.00 
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If  the  hydrated sesquioxide is  in contact with  iron,  and  there is 
no oxygen  available, it will  take  up more iron, and  under  suitable 
circumstances will be gradually  converted  into monoxide, which, 
however,  would rapidly  return  to sesquioxide if  the boiler  were 
opened and  the oxide were exposed to  air. 

Iron  and  steel  will  not  unite  with  the chemically combined 
oxygen of water  to  any considerable extent below a red heat. 

To prove this a steel  tube  was bored out  and was fitted  with 
caps and a cock, as shown in Fig. 1. The  air  was  exhausted  very 
carefully,and  the  tube  was  about  half filled with  distilled  water,and 
was  put  into a  boiler that carried 300 lbs. per  square  inch pressure 
for 74 hours, and lower pressures down to 130 lbs. per  square  inch 
for 52 hours. At  the  end of this period the  quantity of water  was 
exactly  the same and  perfectly colourless, and the  tube showed no 
sign of corrosion. On the  other  hand, it is only  necessary to 
leave  distilled  water  in a bright  iron vessel for a few minutes to 
discolour it with sesquioxide of iron,  showing how rapidly  distilled 

Fdg. 1. 
l - 

water  will corrode iron  when  the  water  has been exposed to'  the 
air. A similar  tube was filled with sea water, from which the 
sulphate of lime  had been precipitated to prevent i t  from causing  a 
scale. The  air was  exhausted, and  the  tube was placed in  the same 
boiler for the same period  side by  side  with  the  first tube. In 
this case also the  water  was as bright  and colourless when  taken 
out  as  when  put  in,  but on standing it discoloured, showing 
that a small  quantity of hydrochloric acid had been produced, 
forming a  soluble  protochloride of iron  that was converted into 
oxide of iron  as soon as  the  water was exposed to the atmosphere 
and dissolved air.  This cause of corrosion was, however, so 
limited  that  careful  examination of the  tube  did  not disclose 
which side of it was exposed to water. It must, however, be 
borne in  mind  that  the  tube was not  under  the same conditions 
as the  heating surfaces of a boiler, as there  was no  chance of 
over-heating. 

Setting aside fatty acids, which  ought  never  to  be  admitted to 
B boiler, the  only cause of corrosion which  can  to any  extent affect 
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the  part of the  internal surface of a  boiler that  is not liable  to 
be  overheated, is the  air dissolved in  the  water before it enters 
the boiler. To establish  the effect of air corrosion relatively, a 
number of careful tests were made by  boiling in  iron dishes, and 
to  establish  uniformity of aeration a  glass tube was caused to 
deliver  air  into  the solution. The most important  results  are 
given  in  Table I. 

These tests were all made for 43 hours. 

TABLE  CORROSION PRODUCED UPON IRON DISHES IN WHICH DIFFERENT 
SOLUTIONS WERE BOILED FOR 44  HOURS. 

Oxide produced. 
Gram. 

Distilled water . . . . . . . . . . .  0.1298 
I ,, withlime  0.1273 
,, ,,  ,, sodium carbonate 0.0083 
1, ,, ,, zinc  chloride 0.1398 

> ,, ,, ,,  ,, and zinc oxide . 0.1534 

. . . . . . . .  
. . . .  

. . . . .  
Sea water . . . . . . . . . . . .  0.1366 

} 0.1583 

Sea water with zinc  sulphate . . . . . . .  0.2121 
,, ,, rendered alkaline  with soda . . . .  0.0855 
,,  ,, Magnesium  sulphate . . . . . .  0.3242 
,, ,, Magnesium chloride . . . . . .  0.2995 
,, ,, Calcium  chloride . . . . . . .  0.2694 
,, ,, Sodium  chloride . . . . . . .  0.2530 

It will be seen that  while  pure  distilled  water  gave 0.1298 gram 
of oxide, sea water  gave  only 0'1366 gram.  The  addition of lime 
made practically no difference to distilled water, but it made the 
sea water more corrosive. 

Air does not corrode very much more when dissolved in sea 
water  than it does when dissolved in  distilled  water. It is there- 
fore  necessary to seek another cause to account for the  rapid 
deterioration  and  pitting  that occurs upon  heating surfaces. It is 
beyond dispute  that  the sides of furnaces opposite the fire and 
the  tube  plates  and  the  hottest  tubes  are  liable  to be pitted,  and 
generally  to suffer most from corrosion. I n  water-tube boilers 
steam is most rapidly  generated  in  the  tubes most exposed to 
the fire. Generally, boilers with forced draught suffer specially, 
and  the  Author  attributes  the  pitting  and  wasting  that occur on 
the  inside of heating surfaces to  the action of sea water. It 
is probable that it was  this second kind of corrosion which  led 
to  the condemnation of the  marine  superheater,  the  salt  water 
being  carried  up  by priming. It has been attributed  to  the 
property  that  iron and steel possess at  high  temperature of taking 

,, ,, with  lime  to decompose the magnesium 
chloride . . . . . . . . . . . .  
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the oxygen from steam and  liberating  the hydrogen. This 
reaction has  long been known  to chemists, and  was commercially 
introduced for the purpose of protecting  iron  articles from 
corrosion by  the  late Prof. Barff who exhibited  many specimens 
of it in  the  Paris  Exhibition of 1878. The  Author  has used the 
process for 20 years, and specimens exhibited show the magnetic 
oxide  coating produced by a current of red-hot steam passed over 
the  articles in  a  red-hot oven. Specimen 11 was  plugged at  the 
end by a zinc disk and projected into  the oven. When  the  heat 
attained was sufficient to  melt  the zinc, the specimen was removed, 
and, though it had been in  the oven several hours, the coating 
of oxide was still transparent,  showing  that  the  action does not 
proceed rapidly below the red heat. Specimens 12 and 13 are a 
portion of a superheater  through  which steam has passed a t  a  red 
heat for several  years of intermittent working. The oxide may 
be  seen adhering firmly to  the iron. Specimens 14,  15, and 16  
are from a superheater of a Rabcock boiler that  has been in use 
for some months. This  tube is of steel, and  the oxide is adherent. 
These  superheaters  are flooded with  water  while steam is being 
raised. 

It must also be  remembered that,  as  land boilers and super- 
heaters do not suffer in  the same way  as  marine boilers and 
superheaters,  the  action  cannot be due to  the steam,  which is  the 
same in  both, but  must be due  to  the  salts contained in sea 
water  (Table 11). 

TABLE 11.-ANALYSIS OF S E A  WATER. 
Grains Per 

Calcium carbonate 
Gallon. 

. . . .  . . . . .  9.79 
Calcium  sulphate . . . . . . . . . .  114.36 
Magnesium sulphate . . . . . . . . .  134 . 86 
Magnesium chloride . . . . . . . . .  244.46 
Sodium chloride . . . . . . . . . . .  1706.00 

2209.47 

It is generally accepted that  when sea water is evaporated until 
it crystallizes, it becomes acid, and  hydrochloric acid is commer- 
cially produced from magnesium  chloride in a current of steam. 
Now the  plates  or  tubes where the fire impinges most fiercely are 
known  to  attain a temperature  far in  excess of tshe temperature 
of the  water  in  the boiler, even when there is no scale. In such 
circumstances the  water  cannot be touching or completely wetting 
the  steel;  and  if  the phenomenon of rapid  boiling  is observed 
closely, it will be seen that  next to the  heating surface there is 
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froth,  not water. The  water enveloping the steam is dashed 
against  the  steel  and is evaporated to dryness  in  rapid succession, 
and each time  this occurs with  salt  water  the  crystallizing  point 
is reached, and a microscopic quantity of acid is produced right on 
the surface of the steel. If  this  theory of corrosion due  to frothing 
is accepted, it is easy to  understand  the  pitting of heated  surfaces 
of metal. Furnace scale is rolled or squeezed into  the  surface  in 
the course of manufacture  and  is removed by boiling. A cavity  is 
begun  where  the  metal  is  thinner  and  transmits  the  heat more freely. 
Steam  bubbles keep  the  water from the  inside of this  cavity,  and 
the  circulation does not  tend to wet it, being shielded from the 
current of water  by  the  surrounding projections, which are con- 
stantly  being  augmented  by  the oxideof iron thrown  out from the 
corrosion of the  cavity.  Whenever  water  enters  the  cavity a  small 
explosion occurs, expelling  the  water  and  leaving a  small quantity 
of chlorides,  which, on being evaporated to  dryness,  give off a good I 

deal of their hydrochloric  acid to combine with  the  iron  during 
the moment that  intervenes before more water enters. Corrosion 
proceeds at   an ever-increasing  rate  in  the  cavity, which  grows in 
all directions, until it presents  the  familiar  pitted appearance. 
To  prevent  this action  something might be done by  freeing  the 
surface from furnace scale. Having  dealt  with  the causes of 
corrosion it is now proposed to consider the directions in which 
remedies for it may be sought. 

Air  has been recognized as a cause of corrosion for many 
years, and instances of rapid corrosion have been proved to be 
due to the feed-pumps sucking  air from the  hot well, and  to  the 
feed being delivered at  a  level  considerably below the water-line. 
The boilers that  have been most free from this  kind of corrosion 
are those in  which  the  best means have been adopted to  exclude 
air.  But it is  doubtful  whether  marine-engine designers  have 
exhausted  all  the possible expedients in  this direction. 

When  air is dissolved it is difficult to  extract it entirely from 
the feed-water on its  way to  the boiler. It seems, therefore, that 
the  only remedy is to prevent it from being dissolved. As the 
steam passes from the boiler through  the  engines  and condenser, it 
has no chance of meeting  with  air  till it arrives at  the air-pumps. 
As a t  present arranged,  the  air-pump  is a most efficient arrangement 
to cause water to dissolve air,  and when it has  left  the air-pumps 
the  water is exposed to the  air  in  the hot well.  The  simplest 
remedy appears  to be to  put  the hot  well  between the condenser 
and  the  air-pump,  and  to make i t  a separator of water  and  air 
(Fig. e). The  air-pump would then  extract  the  air,  and  the 
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feed-pumps would pump  the  water back to  the boiler. This  may 
be accomplished in  other ways, but,  whatever  might be the 
practical difficulties, no doubt  marine  engineers would be equal to 
the  task of overcoming  them,  if once they realised the  paramount 
importance of returning  the  water from the condenser to  the 
boiler without  allowing it the  opportunity of dissolving  air. 

A remedy for all  kinds of 
Fig. 2. corrosion that  has been much 

recommended is to admit SUB- 
cient  sea-water  to completely 
cover the  inside of the boiler 
with a thin scale of sulphate 
of lime. The formation of such 
a  scale is often erratic,  and even 
if formed it  is  apt to  be  cracked 
and  thrown off by expansion 
and contraction. Oxide of iron 
formed before the boiler is 
regularly steamed would be 
hydrated.  When  the boiler is 
filled with  salt water, the 
sulphate of lime scale is formed 
in a  few  hours, and  being a 
non-conductor the  plate  and 

TO FEED-PUmPS oxide are overheated. This 
would cause the  water of hydra- 

tion  to be driven from the oxide and  the scale would crack off 
that  part.  Such places are more liable  to be corroded because 
the  surrounding scale deflects the  current of water  against them. 
But  the  great objection against a scale is  that it interposes  a 
non-conducting layer  between  the  metal  and  water,  and if  there 
is also  a second insulating  layer of froth,  the  metal is most liable 
to  be  seriously  overheated. 

The effect of putting  lime  into a  boiler filled with  distilled 
water  appears  to be very small. If sea-water is present the lime 
converts  the  magnesium chloride into calcium  chloride, and  the 
magnesium sulphate  into calcium sulphate.  This  takes a consider- 
able  quantity of lime, and does not  appear to be worth doing. 

Carbonate of soda is, however, a really useful  remedy with 
distilled  water ; as may  be seen it practically stops the corrosion. 
But carbonate of soda cannot  exist in  sea-water till it has con- 
verted  all  the magnesium and calcium salts  into sodium salts, and 
to  ensure an excess of soda it is necessary to  put  in 45 lbs. of 

FROM L r J W ~ C l L S S V P E  
C"L>NOEQ 
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soda crystals  to  every ton of sea water  admitted  to  the boiler. 
As it is not possible to find out  what  quantity of sea water  is 
leaking  in  through  the condenser, this  treatment  is  not  easy;  the 
only  way  being to test  the  water  and prove it to  be alkaline. 

Zinc  slabs  well connected with  the boiler plates  are successful 
in  protecting  the  plates from the  action of air corrosion. If sea 
water is present it acts upon the zinc, wasting it very fast. I t  
has been thought  that  the  zinc  salts produced arrest corrosion, but 
this does not  appear  to be the case. 

It will be  seen  from Table I that  zinc chloride and oxide seem 
rather  to increase corrosion, and  zinc  sulphate is as bad. As to 
the  action of zinc in  boilers, some chemists  hold that it is only 
the  hydrogen  given off when  the  zinc  chloride is formed that 
unites  with  the oxygen, and  that 90 per cent. of the  zinc is 
wasted, and  others hold that its beneficial effects are  due  to 
galvanic action. It is, however, generally  agreed  that  zinc 
cannot  be  relied  upon  to  protect  the  tubes of a water-tube boiler. 

It is recognised that  oil should not be  allowed to  enter a  boiler. 
Most marine  engines  are worked with  very  little  oil  admitted to 
the valve-chests and  the  cylinders,  but it still seems necessary to 
oil  the piston-rods. It would be a great boon if  a gland  packing 
could be used which would run  without oil, but in  the meantime 
all  that can be done is to employ good filters,  to maintain  them 
well, and to use only  pure hydro-carbon oil in  any  situation 
from which i t  can  be carried  into  the feed-water. Animal  and 
vegetable oils are chemically changed  by  the steam, and  the 
products pass even  the  best  filters  and  are  carried  into  the boiler. 
Hydro-carbon  oils are now generally demanded, but it is desirable 
to make sure  that  the  oil  is not mixed. A very  simple  test  will 
prove this.  Heat a small  quantity of the  oil  and  add sufficient 
of an alcoholic  solution of caustic potash coloured by phenol- 
phthalein. If  the red colour stands,  the  oil is a pure hydro- 
carbon, but  if it does not,  the  oil is unfit for use in  the  way 
referred to. 

The  evils  due  to  air would cease if it could be excluded, but 
the  evils  due to frcth  are more persistent;  the  only  palliative 
is to  improve  the  circulation,  and to limit  the  fire  heat to  enable 
the  water to wet  the  heating surfaces as much  as possible. 

The  Paper is accompanied by  two  tracings, from which  the 
Figures  in  the  text  have been prepared. 

[THE INST. C.E. VOL. CXLI.] I 
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